The use of a single broad-spectrum human papillomavirus (HPV) DNA-based PCR test may fail to detect lower concentrations of HPV DNA due to competition between different genotypes in mixed infections. To improve HPV detection by PCR, broad-spectrum and type-specific (TS) PCRs were combined, with a focus on HPV-16 and HPV-18. Cervical and cervicovaginal cell samples were obtained from 1,113 healthy women (age range, 15 to 25 years) participating in an HPV-16/HPV-18 candidate vaccine efficacy trial. These samples were tested by a broad-spectrum SPF 10 PCR-DNA enzyme immunoassay, followed by a primer SPF 10 Human papillomavirus (HPV) is a DNA virus that infects cutaneous and mucosal epithelia and induces epithelial proliferation. More than 40 HPV genotypes have been detected in the anogenital region; and the clinically most important types are the oncogenic (high-risk) HPV genotypes (e.g., HPV-16 and HPV-18), which are involved in the development of highgrade cervical intraepithelial neoplasias and cervical cancer (5, 23, 37) . HPV DNA has been detected in 99.7% of cervical cancer tissues (35); and persistent infection with an oncogenic HPV type, particularly HPV-16 or -18, is recognized as the necessary cause of cervical cancer (34). It is estimated that cervical cancer contributes to approximately 290,000 deaths and 490,000 new cases per year worldwide (24). Vaccination against the most common oncogenic HPV genotypes, HPV-16 and HPV-18, could prevent persistent infections with those genotypes and ultimately could also prevent the development of up to 70% of cases of cervical cancer worldwide (21, 33 
Human papillomavirus (HPV) is a DNA virus that infects cutaneous and mucosal epithelia and induces epithelial proliferation. More than 40 HPV genotypes have been detected in the anogenital region; and the clinically most important types are the oncogenic (high-risk) HPV genotypes (e.g., HPV-16 and HPV-18), which are involved in the development of highgrade cervical intraepithelial neoplasias and cervical cancer (5, 23, 37) . HPV DNA has been detected in 99.7% of cervical cancer tissues (35) ; and persistent infection with an oncogenic HPV type, particularly HPV-16 or -18, is recognized as the necessary cause of cervical cancer (34) . It is estimated that cervical cancer contributes to approximately 290,000 deaths and 490,000 new cases per year worldwide (24) . Vaccination against the most common oncogenic HPV genotypes, HPV-16 and HPV-18, could prevent persistent infections with those genotypes and ultimately could also prevent the development of up to 70% of cases of cervical cancer worldwide (21, 33) .
Diagnosis of HPV infections is based on the detection of HPV genomic DNA in cervical cell samples or cervical biopsy specimens by molecular methods, such as liquid hybridization (e.g., the Hybrid Capture assay [Digene Corporation]) (3, 7) or PCR (8, 31) . Liquid hybridization detects HPV DNA by direct probe hybridization and can distinguish between groups of high-risk and low-risk HPV genotypes, but it does not permit the identification of individual genotypes (25) . PCR methods amplify parts of the HPV DNA genome, resulting in high degrees of analytical sensitivity and specificity.
The high degree of genetic heterogeneity among the different HPV genotypes complicates effective diagnosis (4) . PCR can use type-specific (TS) primers for the detection of individual HPV genotypes, but this requires multiple reactions (2, 34) . Also, type-specific PCRs may be hampered by the existence of uncharacterized viral variant sequences that would not efficiently match the PCR primers. Alternatively, broad-spectrum PCR primers that permit the simultaneous amplification of a range of HPV genotypes in a single PCR test can be used (10, 12, 17) . Broad-spectrum PCR is based on the use of primers that target relatively well conserved genomic sequences and that match multiple HPV genotypes. Basically, three different approaches are possible (31) . The first approach is to select a single forward primer and a single reverse PCR primer which perfectly match only one or a few HPV genotypes. To compensate for the mismatches with other HPV genotypes, the PCR is performed at a low annealing temperature, which permits the cross-reactivity of the primers with imperfect target HPV sequences. The GP5ϩ/GP6ϩ PCR system is an example of this approach (18) . Second, broad-spectrum PCR primer sets may comprise degenerate primers to compensate for the intertypic sequence variation at the priming sites. My11/My09 is an example of a degenerate PCR primer set (17) . In fact, this primer set comprises an undefined mixture of many different oligonucleotides. The third option for a broad-spectrum PCR primer set is the use of a cocktail that comprises a number of distinct forward and reverse primers. This primer set does not contain degenerate primers but may contain inosine, a nucleotide analogue that matches multiple nucleotides in the opposite strand. The use of such a defined mixture of nondegenerate primers has the advantage that the cocktail of oligonucleotide primers can be synthesized with a high degree of reproducibility, and PCR can be performed at optimal annealing temperatures, increasing the sensitivity, specificity, and reproducibility. Examples of such primer sets are the PGMY primers (6, 13) and the SPF 10 primers (19, 20) .
Since broad-spectrum PCR primers do not have the same sensitivity and specificity for each genotype, the amplification efficiency may differ among individual genotypes. More importantly, broad-spectrum PCR is affected by competition between the different HPV genotypes present in the same sample. Due to this competition effect at the primer target level, broad-spectrum PCR underestimates the prevalence of multiple genotypes, especially minority species, which are present at low relative concentrations.
HPV vaccines are being developed to prevent HPV-16 and -18 infections that lead to cervical cancer (15, 21) . Clinical trials are under way to assess the efficacy and safety of HPV vaccines, where virological end points such as incident and persistent HPV infection are important surrogates. It is essential to have established efficient methods for HPV detection and genotyping methods that yield high analytical sensitivities. This aim is clearly different from that from the use of HPV diagnosis in a clinical setting, where the sensitivity should be clinically relevant (29) .
A broad-spectrum SPF 10 PCR system amplifies a fragment of only 65 bp from the L1 region (19, 20) . The SPF 10 system comprises a highly sensitive broad-spectrum PCR, followed by the general detection of amplified HPV DNA to determine the presence of the virus. SPF 10 amplimers from HPV-positive samples can then be genotyped by using reverse hybridization on a line probe assay (LiPA). When this SFP 10 -based system (referred to here as SPF 10 LiPA) is used, multiple HPV genotypes have frequently been observed in cervical cell samples and biopsy specimens, and infections with multiple HPV genotypes appear to be common (19, 22) . Therefore, it is expected that the competition effect will play a significant role.
The aim of the study described here was to design and develop a testing algorithm that combines the advantages of the broad-spectrum PCR with the specificity of the type-specific PCR for HPV-16 and -18 and optimize the overall efficacy for the detection of these two genotypes, minimizing competition effects. This novel testing algorithm was evaluated by testing cervical cell samples from women participating in a clinical trial of a candidate bivalent prophylactic HPV-16 and HPV-18 L1-based vaccine (15) .
MATERIALS AND METHODS

Competition testing.
Competition between different genotypes in a single clinical sample was experimentally tested. Plasmids containing the complete genomic DNA of HPV genotype 11, 16, 18, or 44 were used as the amplification targets in various experiments. These plasmids were kindly provided by E.-M. de Villiers, Heidelberg, Germany (genotypes 11, 16, and 18), and A. Lorincz, Silver Spring, MD (genotype 44). Competition between HPV-16 and -44 and also between HPV-11 and HPV-18 was tested because the primer target sites of the HPV genotypes in these pairs are highly similar and the highest level of competition can be expected. Serial (10-fold) plasmid dilutions were prepared in 10 mM Tris-HCl (pH 8.0) containing 0.1 g/l poly(A) as a carrier. Different amounts of plasmids containing different HPV genotype genomes were mixed and tested in relative amounts ranging from 1:1 to 10 6 :1. Each mixture was subjected to amplification by type-specific PCR for the minority species, as well as broad-spectrum SPF 10 PCR followed by DNA enzyme immunoassay (DEIA) and LiPA.
DNA isolation and quality control. Total DNA was isolated from 200 l of a PreservCyt (Cytyc Corporation, Boxborough, MA) suspension containing the cervical cells with a MagNA Pure LC instrument (Roche Diagnostics, Almere, The Netherlands) and a total DNA isolation kit (Roche Diagnostics). DNA was eluted in 100 l of water, and 10 l was used for each PCR.
To determine the presence of PCR inhibitors, part of the human ␤-globin gene was amplified by PCR with a specific primer set, as described previously (27) . In addition, each run contained positive and negative controls to monitor the DNA isolation, PCR, HPV detection, and genotyping procedures.
PCR testing. The SPF 10 PCR primer set was used to amplify a broad spectrum of HPV genotypes, as described earlier (19, 20) . Briefly, this primer set amplifies a small fragment of 65 bp from the L1 region of HPV. Reverse primers contain a biotin label at the 5Ј end, which enables capture of the reverse strand onto streptavidin-coated microtiter plates. The captured amplimers are denatured by alkaline treatment, and the captured strand is detected by a defined cocktail of digoxigenin-labeled probes that detect a broad spectrum of HPV genotypes. This method is designated the HPV DEIA, which provides an optical density value. If the SPF 10 PCR-DEIA yielded a borderline value (75 to 100% of the cutoff value), the SFP 10 PCR was repeated and the amplimer was retested by DEIA.
The same SPF 10 10 HPV LiPA version 1; Labo Bio-medical Products, Rijswijk, The Netherlands). In cases in which the DEIA yielded a positive result but the HPV genotype was not identified by LiPA, the SPF 10 amplimer was analyzed by direct sequence analysis with the BigDye Terminator cycle sequencing kit (Applied Biosystems, Nieuwerkerk a/d Ijssel, The Netherlands). The sequences were used as a query for screening of the sequences in the GenBank database (www.ncbi.nlm.nih.gov) with BLAST software (1). HPV genotypes were assigned when a complete match between the 22-bp interprimer region and an HPV sequence in GenBank was found.
TS PCR primer sets were used to selectively amplify HPV-16 (TS16) and HPV-18 (TS18). The primers were based on those described by Baay et al. (2) and generate amplimers of 92 and 126 bp for HPV-16 and HPV-18, respectively. Amplimers from the TS PCRs were detected by DEIA, similar to the method for ␤-globin and SPF 10 amplimer detection.
Clinical materials. A total of 1,113 young women (age range, 15 to 25 years) were enrolled to participate in a phase II study in Brazil, the United States, and Canada (15) . The aim of the study was to investigate the safety and efficacy of a bivalent candidate vaccine against HPV-16 and HPV-18.
Health care providers obtained cervical specimens with a cervical brush and spatula (washed in PreservCyt [Cytyc Corporation]) for cytology and HPV DNA testing at screening and month 0 and subsequently every 6 months. At months 0 and 6 and subsequently every 3 months (up to 27 months), women self-obtained cervicovaginal samples with two sequential swabs (placed in PreservCyt) for HPV DNA testing (15) .
The two sampling methodologies yielded a total number of 15,546 cervical cell samples. Two aliquots of cervical cell samples (1 ml each) were prepared from the total volume (20 ml) of the PreservCyt suspension containing the cervical cells. In addition, 650 negative controls (PreservCyt medium only) were prepared during the PCR aliquoting procedure.
Furthermore, we assessed the impact of using the testing algorithm by analyzing the combined data for the series of follow-up samples at various time points from each individual woman. The aim was to determine whether the earliest positive sample in a follow-up series was detected only by the SPF 10 LiPA or only by the TS PCR, or by both methods, at the same time point.
RESULTS
Competition between genotypes. The effect of competition between different genotypes in a single clinical sample was experimentally tested with plasmid mixtures containing relative molar amounts of two HPV genotypes ranging from 1:1 to 10 6 :1. The results are shown in Fig. 1 and Table 1 . The typespecific PCR for HPV-18 was positive for all samples, irrespective of the HPV-16 plasmid concentration. The SPF 10 LiPA showed both HPV-16 and HPV-18 in those samples, which contained up to a 100-fold molar excess of the HPV-16 plas- All samples were tested by ␤-globin PCR and SPF 10 PCR. The ␤-globin PCR yielded negative results for only 12 samples (0.08%). Of the total number of 15,546 samples tested, 4,577 (29.4%) were SPF 10 PCR-DEIA positive; less than 1% of the samples yielded borderline DEIA results.
A subset of ␤-globin PCR-and SFP 10 PCR-positive samples (n ϭ 3,138) were also tested by TS PCRs for HPV-16 and HPV-18. The results for HPV-16 are shown in Table 2 . Overall, the concordance between the results of SPF 10 LiPA and those of the type-specific PCR was high (kappa ϭ 0.775 [95% confidence interval ϭ 0.740 to 0.810]) for the detection of HPV-16. However, there were also samples in which HPV-16 was detected by SPF 10 LiPA alone (n ϭ 47) or by TS PCR alone (n ϭ 72). Of the 47 samples in which HPV-16 was detected by SPF 10 LiPA alone, 19 (40%) contained multiple genotypes; and of the 72 samples in which HPV-16 was detected by TS PCR alone, 70 (97%) contained multiple genotypes. These proportions of multiple genotypes (40% versus 97%) are significantly different (P Ͻ 0.001).
The combined results for HPV-18 are shown in Table 3 . There was a good agreement between the rate of detection by SPF 10 LiPA and that by the type-specific PCR (kappa ϭ 0.785 [95% confidence interval ϭ 0.749 to 0.819]). However, there were also samples in which HPV-18 was detected only by SPF 10 LiPA (n ϭ 38) or only by TS PCR (n ϭ 28). These cases were further analyzed. Of the 4,577 SPF 10 PCR-positive samples, 1,003 (21.9%) samples remained LiPA negative, and 857 of these were tested by TS16 and TS18. For TS16, eight samples were positive, and of these, five samples showed other HPV genotypes by sequencing and no probes were present on the LiPA for these genotypes. The remaining three samples could not be sequenced due to the low yield of the PCR product.
Similarly, four samples were positive by TS18, and of these, three samples revealed other HPV (non-LiPA) genotypes and one sample could not be sequenced.
Of the SFP 10 PCR-DEIA-positive but LiPA-negative samples, the sequence of the SPF 10 amplimer was determined in 477 cases. The sequences were compared with those in the GenBank database and revealed complete sequence matches with the following HPV genotypes: HPV type 3, 7, 14, 20, 26, 30, 32, 55, 61, 62, 67, 69, 72, 75, 76, 82, 83, 84, 86, 87, 89, 90, and 91. No probes for any of these genotypes are present in the current version of the LiPA. Genotypes 61, 67, 84, and 89 were the most common types in this group. Some SPF 10 PCR-positive but LiPA-negative samples could not be analyzed by sequence analysis, due to the very low SPF 10 amplimer yield. In several cases, no complete match (one to four mismatches) between the 22-bp interprimer SFP 10 amplimer sequence and any HPV sequence in the GenBank database was found and no HPV genotype could be assigned. These sequences likely represent undefined variants of HPV genotypes, but further analysis of other parts of the viral genome would be required to confirm this hypothesis.
Finally, over 1,000 SPF 10 DEIA-negative samples were also tested by the TS16 and the TS18 PCRs and did not yield any additional HPV-positive samples.
Development of HPV testing algorithm. On the basis of these results, an HPV testing algorithm is proposed, as shown in Fig. 2 , in which broad-spectrum PCR was combined with TS PCR for HPV-16 and HPV-18.
DNA from each sample is analyzed by ␤-globin PCR and SPF 10 PCR. When the ␤-globin PCR is negative by DEIA, the PCR is repeated (except for the 650 processing control samples). When the SPF 10 PCR is negative by DEIA, the sample is considered HPV negative (provided that the ␤-globin PCR of the sample yields a positive result). If the SPF 10 PCR yields a DEIA borderline result (optical density value 75 to 100% of the cutoff value), the SFP 10 PCR is repeated. If a sample repeatedly yields a borderline result, it is considered HPV negative, but this was an extremely rare event. If a samples remains ␤-globin PCR negative, it is considered either to not contain any human cells or to be unsuitable for PCR due to inhibition.
SPF 10 PCR-positive samples were tested by LiPA to determine the HPV genotype. If the LiPA yields a negative result, the SPF 10 amplimers are sequenced. All samples HPV positive by SPF 10 PCR-DEIA are also tested by the TS16 PCR and the TS18 PCR.
FIG. 2. Novel HPV testing algorithm. DNA was isolated from cervical scrapes by use of the MagNA Pure LC instrument and subjected to both ␤-globin PCR and SPF 10 PCR. The PCR products are analyzed by a DNA enzyme immunoassay with specific probes. If the ␤-globin PCR-DEIA yielded a negative result, the PCR was repeated. If the SPF 10 PCR-DEIA yielded a negative result, the sample was considered HPV negative. Samples with borderline DEIA results were retested. Amplimers from SPF 10 PCR-DEIA-positive samples were tested by LiPA (version 1.0, which contains probes for 25 genotypes) to determine the HPV genotype. If the LiPA yielded a negative result, SPF 10 amplimers were sequenced. All samples HPV positive by SPF 10 PCR-DEIA were also tested by TS16 and TS18 PCRs. 
Retrospective analyses of clinical samples at various collection time points.
The results for samples from 1,040 women for all study visits, comprising a total of 11,323 samples (average, 10.9 samples per woman), were analyzed. Overall, among these 1,040 women, 637 (61.3%) were found to be HPV positive by SPF 10 PCR-DEIA at one or more time points, and 145 (22.7%) of these 637 women were positive for HPV-16 and/or HPV-18 at one or more time points.
HPV-16 was found in 90 women, and the rates of detection by SPF 10 LiPA and TS PCR were further analyzed, as shown in Table 4 . During follow-up, the first HPV-16-positive sample was detected by SPF 10 LiPA in 18 (20%) of the women and by TS PCR in 26 (29%) of the women, whereas in 46 (51%) of the women detection was simultaneous by both methods.
Similarly, HPV-18 was found in 61 women ( Table 4 ). The earliest HPV-18-positive sample was detected by SPF 10 LiPA in 23 (38%) women and by TS PCR in 11 (18%) women, whereas in 27 (44%) of the women detection was simultaneous.
Of the women for whom the earliest detection of HPV-16 or HPV-18 was simultaneous by SPF 10 LiPA and TS PCR, the majority showed HPV-16 or HPV-18 positivity at multiple time points during follow-up. In contrast, of the women for whom the earliest detection of HPV-16 or HPV-18 was by either SPF 10 PCR or TS PCR, the majority were positive for HPV-16 or HPV-18 at only a single time point (Table 4) .
DISCUSSION
Detection and identification of HPV genotypes strongly depend on the accuracy and the precision of the methods used. As vaccine trials include surrogate virological end points (incident and persistent infections) to assess the efficacies of candidate prophylactic HPV vaccines, it is crucial that highly reliable and robust testing methods be used (15) .
The present study investigated a novel testing algorithm that comprised a combination of broad-spectrum and type-specific PCRs. The results clearly showed that broad-spectrum PCR with a mixture of defined primers followed by reverse hybridization is a very useful tool for the identification of HPV genotypes in clinical samples but may underestimate the prevalence of multiple genotypes compared to the prevalence obtained by type-specific PCR. If two HPV genotypes are present but one genotype is present in great molar excess over the other, it is likely that the minor genotype will be not be detected during broad-spectrum PCR and will remain unidentified. This is clearly illustrated by the results obtained with the plasmid mixtures. When the concentration of the HPV-16 plasmid exceeded a low concentration (100 copies) of the HPV-18 plasmid more than 100-fold, HPV-18 was no longer detected by broad-spectrum PCR, whereas it was still detected by the type-specific PCR. These experiments were not repeated in sufficient replicates to calculate an accurate detection limit for each type in the mixture.
The analytical sensitivity of a broad-spectrum PCR for the detection of multiple genotypes will be influenced by the genotypes present. Since different HPV genotypes contain different nucleotide sequences at the primer target regions, each genotype is preferentially amplified by a subset of PCR primers from the available broad-spectrum primer pool. Thus, the amplification efficacy of every broad-spectrum PCR will be type dependent to some degree (6, 32) . It is noteworthy that this competition phenomenon is observed only in samples that contain multiple HPV genotypes by the LiPA detection system. In samples containing only a single HPV genotype, it is adequately detected by the general PCR primer as well as the type-specific primer sets (32) . More than 1,000 SPF 10 PCR-DEIA-negative samples were also tested by TS PCR for HPV-16 and HPV-18 and did not yield any additional positive samples (data not shown). This indicates that the SFP 10 PCR has a very high sensitivity for the detection of HPV DNA in general and can be effectively used to screen for HPV positivity. These data again confirm that the SPF 10 PCR-DEIA system has a very high level of specificity, and false-positive signals are not observed when only human DNA is used as the target (19, 20) .
As described here for the SPF 10 primer set, the efficacy of any general HPV primer set (such as My09/My11, PGMY, and GP5ϩ/GP6ϩ) will depend on the intrinsic degree of type specificity of the primer set and the competition between multiple genotypes in a complex mixture in the same sample (13, 26) . It has been reported earlier that there are significant differences between the My09/My11 (degenerate primers) and the PGMY (a mixture of defined primers) PCR primer sets, although they target exactly the same region of the HPV genome (6) . Similarly, a comparison between SPF 10 LiPA and PGMY PCR-line blot assay showed a very high degree of concordance, but for some genotypes, the two systems showed differences (32) . Therefore, if one is interested only in the detection of a particular subset of HPV genotypes, type-specific PCRs may be more suitable than a broad-spectrum general PCR. However, this requires individual or multiplex testing for each HPV genotype, which is not suitable for routine diagnostic applications and which limits the information obtained for each sample.
Post-PCR detection methods also may yield different detection rates of multiple HPV genotypes (30) . Analysis of broadspectrum PCR products by direct sequencing lacks sensitivity and specificity for the analysis of complex mixtures of multiple genotypes and identifies only the most predominant types. An individual genotype should constitute at least 20% of the mixture to permit adequate identification by direct sequencing. In contrast, reverse hybridization (such as LiPA) is much more sensitive and allows the identification of minority genotypes, even if their DNA represents less than 1% of the total amount of HPV DNA, as shown by the results of the plasmid mixture experiment. The specificity of the LiPA genotyping method was further assessed by sequencing SPF 10 amplimers from samples that remained negative by the LiPA. A probe was not present in the LiPA for any of the HPV genotypes identified by sequence analysis in this group, confirming the high specificity of this reverse hybridization assay. Combining the genotyping data of the LiPA and sequencing showed a total of more than 50 HPV genotypes, illustrating the truly broad-spectrum amplification by SPF 10 primers. Since multiple samples were obtained from the same women over time, the epidemiological information regarding genotype distribution based on these selected analyses is limited.
Within the SPF 10 system, the same PCR amplimer is used for both detection of HPV positivity by DEIA and subsequent genotyping by LiPA. The DEIA uses a cocktail of probes that recognize more than 50 different HPV genotypes, whereas the LiPA identifies only the 25 genotypes for which probes are present on the strip. Therefore, if the DEIA were omitted, the overall sensitivity of HPV detection would decrease substantially. Also, use of a reverse hybridization strip assay as a screening method is not economically efficient. Moreover, if a different PCR were used to screen for HPV positivity, reamplification of these HPV-positive samples would be required, which could lead to discrepant results between the two PCRs. Therefore, it is important to use only a single, well-characterized PCR for the initial detection of HPV as well as for subsequent genotyping.
Another important aspect of molecular diagnosis is the effect of sampling variation due to sample heterogeneity. Sampling variation is particularly relevant when nonhomogeneous clinical materials, such as cervical cell suspensions or cervical biopsy specimens, are used (11, 14, 16) . Also, sampling variation may become relevant when only a small volume of the extracted nucleic acid is included in the actual PCR vial, and consequently, the test outcome may not properly represent the true status of the sample. Especially when samples contain low viral loads, sampling variation may lead to false-negative results.
To evaluate the effect of the algorithm testing, samples from a phase II HPV-16 and -18 bivalent candidate HPV-16/ HPV-18 vaccine trial were analyzed. The cervical cells had been resuspended in PreservCyt medium for transport and long-term storage. The proportion of cell suspensions that yielded negative ␤-globin PCR results was very low (Ͻ0.1%), indicating that inhibition is a very rare event and confirming the usefulness of the PreservCyt medium for PCR-based analyses.
The comparative results of the SPF 10 and the type-specific PCRs clearly confirmed the added value of the combined testing approach. The discrepant results between the SPF 10 LiPA and the type-specific PCR could be explained by a combination of the competition effect and the sample heterogeneity effect. Virtually all type-specific PCR-positive but LiPA-negative samples contained multiple genotypes, whereas the proportion of multiple-genotype infections was significantly lower among the type-specific PCR-negative but LiPA-positive samples. For the latter group, sample heterogeneity played a major role. This was further substantiated by quantitative PCR analysis of a subset of the discrepant samples (data not shown). In general, samples with discrepant results (LiPA positive and TS PCR negative or vice versa) contained lower viral loads than samples with concordant positive results (LiPA positive and TS PCR positive), which is consistent with sampling heterogeneity effects.
The benefits of the novel HPV testing algorithm was evaluated with samples from a group of women participating in a trial of a candidate HPV-16/HPV-18 vaccine and clearly revealed that the use of the algorithm during the monitoring of individual women resulted in the earlier and more accurate detection of HPV-16 and/or HPV-18 than when either SPF 10 LiPA or TS PCR alone was used. The earliest detection depends on several factors, such as the viral load and the presence of other HPV genotypes.
A higher number of different HPV genotypes was detected in women for whom the TS PCR detected HPV-16 and/or HPV-18 earlier than SPF 10 LiPA. This would be concordant with the hypothesis that detection by SPF 10 LiPA is influenced by the competition effect. The more genotypes that are present in a woman, the higher the chance that HPV-16 and/or HPV-18 is missed by SPF 10 LiPA due to a competition effect.
In the majority of women for whom detection by SPF 10 LiPA and TS PCR was simultaneous, HPV-16 and/or HPV-18 was detected at multiple time points. This is compatible with the hypothesis that women with HPV-16 and/or HPV-18 positivity at multiple time points contain higher viral loads, resulting in detection by both SPF 10 LiPA and TS PCR. Thus, the testing algorithm will have the biggest impact in detecting incident infections, in which HPV is only transiently detectable at lower viral loads. During persistent infections, HPV is generally present at higher viral loads and is therefore readily detectable by either SPF 10 LiPA or TS PCR or by both methods (9, 28, 36) .
In conclusion, the present study has provided a reliable and highly effective testing algorithm for the molecular diagnosis of HPV infections. This algorithm yields superior results compared to those obtained by the use of any single PCR test. Therefore, the use of the algorithm can substantially contribute to the accuracy of analysis in vaccination trials and epidemiological studies.
